Genotoxicity of singlet oxygen.
Singlet oxygen, 1O2 (1 delta g), fulfills essential prerequisites for a genotoxic substance, like hydroxyl radicals and other oxygen radicals: it can react efficiently with DNA and it can be generated inside cells, e.g. by photosensitization and enzymatic oxidation. As might be anticipated from the non-radical character of singlet oxygen, the pattern of DNA modifications it produces is very different from that caused by hydroxyl radicals. While hydroxyl radicals produce DNA strand breaks and sites of base loss (AP sites) in high yield and react with all four bases of DNA, singlet oxygen generates predominantly modified guanine residues and few strand breaks and AP sites. There is now convincing evidence that a major product of base modification caused by singlet oxygen is 8-hydroxyguanine (7,8-dihydro-8-oxoguanine). Indeed, the recently reported miscoding properties of 8-hydroxyguanine can explain the predominant type of mutations observed when DNA modified by singlet oxygen is replicated in cells. There are also strong indications that singlet oxygen generated by photosensitization can act as an ultimate DNA modifying species inside cells. However, indirect genotoxic mechanisms involving other reactive oxygen species produced from singlet oxygen are also possible and appear to predominate in some cases. The cellular defense system against oxidants consists of effective singlet oxygen scavengers such as carotenoids. The observation that carotenoids can inhibit neoplastic cell transformation when administered not only together with but also after the application of chemical or physical carcinogens might indicate a role of singlet oxygen in tumor promotion that could be independent of the direct or indirect DNA damaging properties.